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(54) Device for controlling the flow of a high-pressure pump in a common-rail fuel injection 
system of an internal combustion engine 



(57) The common rail (6) supplies a number of in- 
jectors (5) of the cylinders (3) of the engine (2), and is 
supplied by a constant-displacement high-pressure 
pump (7) in turn supplied by a low-pressure, variable- 
delivery, variable-pressure, motor-driven pump (11). 
The control device has an electronic control unit (31) for 
receiving signals indicating operating conditions of the 



engine (2); the suction side of the high-pressure pump 
(7) has a choke (41); and the control unit (31) controls 
the motor-driven pump (11) to vary the fuel pressure up- 
stream from the choke (41) between a predetermined 
maximum value and a predetermined minimum value, 
so as to regulate the fuel intake of the high-pressure 
pump (7) within a predetermined range. 
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[0001] The present invention relates to a device for 
controlling the flow of a high-pressure pump in a com- 
mon-rail fuel injection system of an internal combustion s 
engine, wherein the high-pressure pump is a constant- 
displacement type supplied with fuel by a low-pressure, 
variable-delivery, variable-pressure pump. 
[0002] As is known, in modern internal combustion 
engines, each injector is supplied with high-pressure fu- 10 
el by a common header or so-called "common rail", 
which is supplied by a high-pressure, normally piston, 
pump in turn supplied with fuel from the fuel tank by a 
low-pressure pump. 

[0003] The low-pressure pump normally supplies fuel 15 
at a pressure of around a few bars, while the fuel in the 
rail may reach pressures in the region of 1 500 bars. The 
high-pressure pump is normally operated by the internal 
combustion engine drive shaft via a drive belt or similar 
(gears), whereas the low-pressure pump is operated by 20 
a direct-current electric motor or equivalent (brushless 
motors) of its own, and so defines a motor-drive pump. 
[0004] On account of the varying operating load of the 
internal combustion engine, the two pumps must be de- 
signed to guarantee the necessary fuel supply to the in- 25 
jectors in the worst possible conditions - i.e. with the en- 
gine at full load and/or high speed with fuel leakage - 
and with any external temperature and any fuel temper- 
ature in the tank. The surplus fuel supplied by each 
pump is fed back into the tank via respective pressure 30 
control valves and drain conduits. 
[0005] The high-pressure pump therefore draws the 
maximum amount of energy at all times, which must be 
supplied by the internal combustion engine. Moreover, 
due to heating of the fuel by the heat dissipated as a 35 
result of the difference of pressure across the pressure 
regulating valve of the pump, the fuel drained into the 
tank tends to heat the fuel to be pumped, which there- 
fore becomes more fluid, thus increasing fuel leakage, 
e.g. between the pistons and cylinders, and so reducing 40 
the volumetric efficiency of the pump. 
[0006] Various types of devices are known for control- 
ling the flow of common-rail injection system high-pres- 
sure pumps. In one known type, flow is regulated by var- 
ying the piston, e.g. suction, stroke to vary displacement 45 
of the pump mechanically. The mechanisms by which 
the stroke is varied, however, are highly complex and 
expensive to produce; and, during the compression 
stroke, the reduction in the suction stroke of the pistons 
causes the drive cam to strike the pistons, thus resulting so 
in frequent malfunctioning or damage to the pump. 
[0007] Devices are also known for controlling the flow 
of constant-displacement high-pressure pumps, and 
which provide for regulating the fuel supply to the pump. 
In one known type, this is done by means of a regulating ss 
valve fitted to the delivery side of the low-pressure pump 
to adjust the fuel flow section. 

[0008] Known control devices of this sort have the 
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drawback of being exper^^rto produce and unreliable; 
and both the diaphragms and the valve involve addition- 
al expense in terms of both manufacture and in-service 
checks. Moreover, particularly at idling engine speed, 
such devices fail to ensure equal fuel supply to all the 
high-pressure pump pistons, thus resulting in unbal- 
anced operation and rapid wear of the pump. 
[0009] It is an object of the present invention to pro- 
vide a device for controlling the flow of a high-pressure 
pump, which is straightforward in design, cheap to pro- 
duce, ensures a high degree of efficiency and reliability, 
and provides for eliminating the aforementioned draw- 
backs typically associated with known devices. 
[0010] According to the present invention, there is 
provided a device for controlling the flow of a high-pres- 
sure pump in a common-rail fuel injection system of an 
internal combustion engine, wherein said high-pressure 
pump is a constant-displacement type and is supplied 
with fuel by a low-pressure, variable-delivery, variable- 
pressure pump; characterized by comprising a choke on 
the suction side of said high-pressure pump; and means 
for controlling said low-pressure pump to vary the fuel 
pressure upstream from said choke between a maxi- 
mum predetermined value and a minimum predeter- 
mined value, so as to regulate fuel intake by said high- 
pressure pump within a predetermined range. 
[0011] More specifically, said low-pressure pump is a 
motor-driven pump, and said means comprise an elec- 
tronic control unit for receiving signals indicating the op- 
erating conditions of the engine; said control unit con- 
trolling said motor-driven pump as a function of said sig- 
nals. 

[0012] A preferred, non-limiting embodiment of the 
present invention will be described by way of example 
with reference to the accompanying drawings, in which: 

Figure 1 shows a diagram of a common-rail injec- 
tion system featuring the high-pressure pump flow 
control device according to the invention; 
Figure 2 shows a diagram of an injection system 
high-pressure pump; 

Figure 3 shows a graph of the variation in flow of 
the low-pressure pump. 

[0013] Number 1 in Figure 1 indicates as a whole a 
common-rail injection system of an internal combustion, 
e.g. diesel, engine 2 comprising a number of cylinders 
3 and a drive shaft 4 indicated by the dot-and-dash line 
in Figure 1 . Injection system 1 comprises a number of 
electromagnetic injectors 5 associated with and for in- 
jecting high-pressure fuel into cylinders 3. 
[001 4] Injectors 5 are connected to a vessel 6 defining 
the common rail, which is supplied along a delivery con- 
duit 8 with high-pressure fuel by a mechanical, constant- 
displacement, high-pressure pump 7. High-pressure 
pump 7 is in turn supplied by a low-pressure pump 11 
driven by a direct-current electric motor and therefore 
hereinafter referred to as a motor-driven pump. A deliv- 
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ery conduit 12 of motor-driveH^mp 11 and a fuel filter 
13 are located between motor-driven pump 11 and high- 
pressure pump 7. 

[001 5] Motor-driven pump 1 1 is connected to a normal 
fuel tank 15 by a conduit indicated schematically by 14. s 
In actual fact, motor-driven pump 11 is immersed in the 
fuel inside tank 15, in which a drain conduit 16 termi- 
nates to drain off the surplus fuel discharged by motor- 
driven pump 11 through an overpressure valve 17. 
[0016] By means of lubricating conduits indicated 10 
schematically by 20, part of the fuel in delivery conduit 
12 lubricates the mechanisms of high-pressure pump 7 
and is drained into drain conduit 1 6. A pressure regula- 
tor 19, controlled as described later on, is provided be- 
tween delivery conduit 8 and drain conduit 16 to also *s 
drain any surplus fuel into drain conduit 16, which also 
drains the surplus fuel of injectors 5 and, via a pressure- 
limiting safety valve 21 , any surplus fuel accumulated in 
rail 6 in the event of failure of the pressure control sys- 
tem. 20 
[0017] High-pressure pump 7 comprises a number of 
pumping elements, each defined by a piston 22 moving 
back and forth inside a respective cylinder 23. For ex- 
ample, pump 7 may be a known type with three radial 
cylinders 23 (Figure 2), each communicating, via a re- 2s 
spective intake conduit 24 and a respective nonreturn 
valve 25, with a distributor 26 communicating with de- 
livery conduit 12 of motor-driven pump 11 and normally 
defined by an annular groove between two parts of the 
body of pump 7. 30 
[0018] Each cylinder 23 has a delivery valve 27 by 
which it feeds high-pressure fuel to delivery conduit 8 
and rail 6. Pistons 22 are operated by a common cam 
28 fitted to a shaft 29, which is rotated by drive shaft 4 
(Figure 1) in known manner by means of transmission 35 
and/or reduction gears or similar (belts). 
[0019] The fuel in tank 15 is at atmospheric pressure. 
In actual use, motor-driven pump 11 compresses the fu- 
el to a low pressure, e.g. of about 2-5 bars; and high- 
pressure pump 7 compresses the fuel to bring the fuel *o 
in common rail 6 to a pressure of about 1500 bars. 
[0020] Injectors 5 are controlled by an electronic con- 
trol unit 31 , which may be defined by the usual central 
microprocessor control unit controlling engine 2. Control 
unit 31 receives signals indicating the operating condi- 45 
tions of engine 2 - such as the position of accelerator 
pedal 32 detected by a sensor 33; the speed of engine 
2 detected by a sensor 34 of a sound wheel 36 on drive 
shaft 4; the pressure of the fuel in common rail 6, as 
detected by a pressure sensor 37; etc. - and, by so 
processing the incoming signals according to a given 
program, controls the instant and for how long individual 
injectors 5 are operated, as well as pressure regulator 
19. 

[0021] According to the invention, the control device 55 
comprises a choke 41 on the suction side of high-pres- 
sure pump 7; and means for controlling motor-driven 
pump 11 to regulate the fuel pressure upstream from 



choke 41 between a maiBwm and a minimum prede- 
termined value, so as to regulate fuel intake by high- 
pressure pump 7 within a predetermined range. 
[0022] More specifically, choke 41 is located on deliv- 
ery conduit 12, at the intake of high-pressure pump 7 
but downstream from the branch point of lubricating con- 
duits 20. The means for controlling motor-driven pump 
11 comprise control unit 31 , which, as a function of the 
aforementioned signals, controls the pressure of the fuel 
supplied by motor-driven pump 11 so as to regulate fuel 
flow along conduit 12 to high-pressure pump 7. High- 
pressure pump 7 thus operates in the same way as a 
variable-delivery pump, with no overpressure and sub- 
stantially no surplus fuel being drained into tank 15. 
[0023] The pressure of the fuel supplied by motor- 
driven pump 1 1 is regulated to maintain a substantially 
constant fuel pressure at the intake of high-pressure 
pump 7. For which purpose, control unit 31 supplies mo- 
tor-driven pump 1 1 , over a line 38, with a signal for con- 
trolling the supply current of the electric motor and so 
directly regulating the pressure of the fuel supplied to 
high-pressure pump 7. 

[0024] Alternatively, control unit 31 may supply motor- 
driven pump 11 with a signal for controlling the supply 
voltage of motor-driven pump 11 - which, as is known, 
is easier to do - and so regulating fuel flow to high-pres- 
sure pump 7 and, therefore, pressure upstream from 
choke 41. 

[0025] Since the flow of high-pressure pump 7 during 
operation of engine 2 must be regulated within a wide 
range, e.g. from 1 to 10, low-pressure motor-driven 
pump 11 must also be regulated accordingly. To reduce 
the adjustment range of motor-driven pump 1 1 , a max- 
imum predetermined fuel flow to high-pressure pump 7, 
and a minimum fuel flow, equal to a predetermined frac- 
tion of maximum flow, have been established. The max- 
imum fuel flow is advantageously set in the region of 80 
liters/hour, and the minimum fuel flow equal to half the 
maximum value, i.e. about 40 liters/hour. 
[0026] Moreover, on the suction side of high-pressure 
pump 7, upstream from or inside the pump, a choke 41 
is provided, which is designed to require an increase in 
pressure upstream from choke 41 itself to vary fuel flow 
to high-pressure pump 7. More specifically, choke 41 
may be located on delivery conduit 12 of motor-driven 
pump 11 , between filter 13 and high-pressure pump 7. 
[0027] Alongside a variation in flow within the afore- 
mentioned range, the absolute pressure upstream from 
choke 41 has been found to vary in direct proportion to 
flow, as shown in Figure 3. More specifically, the abso- 
lute fuel supply pressure ranges between a maximum 
value, when fuel flow is maximum, and a minimum value 
when fuel flow is minimum. Precise testing shows the 
diameter of choke 41 can be so selected as to require 
an absolute pressure of 2.5 bars for 80 liter/hour fuel 
flow, and an absolute pressure of 0.6 bar for minimum 
40 liter/hour fuel flow. 

[0028] The absolute pressure of the fuel in conduit 1 2 
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is determined by a pressure ^Wmor 39 fitted to conduit 
12 upstream from choke 41 and monitored by control 
unit 31, so that motor-driven pump 11 may be simply 
feedback-controlled by unit 31 . 

[0029] On the basis of the above flow and correspond- 
ing absolute pressure values, both calculation and 
known tests (not described in detail) show the intake 
pressure of the high-pressure pump can be maintained 
in the region of a few bars (2-3) with a 3 mm or more 
diameter of conduit 12, and a roughly 0.9 mm diameter 
of choke 41 . 

[0030] In the case of a high-pressure pump 7 (Figure 
2) comprising three cylinders 23, fuel supply to the indi- 
vidual cylinders 23 may be unbalanced when only a 
small amount of fuel is required. In a variation of the in- 
vention, therefore, as opposed to one choke 41 on con- 
duit 1 2 upstream from distributor 26, conduit 24 of each 
cylinder is provided with a choke 42 (Figure 2) to ensure 
even supply of each cylinder 23 at constant supply pres- 
sure by varying fuel flow by varying the delivery pressure 
of motor-driven pump 11 as described previously. 
[0031] The advantages, as compared with known de- 
vices, of the control device according to the invention 
will be clear from the foregoing description. In particular, 
flow of the high-pressure pump is varied by simply work- 
ing on the low-pressure pump, with practically no addi- 
tional mechanisms required, and by simply regulating 
the power supply of the low-pressure pump electric mo- 
tor. Moreover, the adjustment range of motor-driven 
pump 11 is reduced by choke 41 or chokes 42. 
[0032] Clearly, changes may be made to the control 
device as described herein without, however, departing 
from the scope of the accompanying Claims. For exam- 
ple, the injection system control device may be gov- 
erned by an electronic control unit separate from the 
central unit controlling the engine; pressure regulator 1 9 
of high-pressure pump 7 may be dispensed with; and 
the high-pressure pump may be a different type from the 
one shown in Figure 2. 



Claims 

1 . A device for controlling the flow of a high-pressure 
pump in a common-rail fuel injection system (1) of 
an internal combustion engine (2), wherein said 
high-pressure pump (7) is a constant-displacement 
type and is supplied with fuel by a low-pressure, var- 
iable-delivery, variable-pressure pump (11); char- 
acterized by comprising a choke (41 ; 42) on the 
suction side of said high-pressure pump (7); and 
means (31) for controlling said low-pressure pump 
(11) to vary the fuel pressure upstream from said 
choke (41 ; 42) between a maximum predetermined 
value and a minimum predetermined value, so as 
to regulate fuel intake by said high-pressure pump 
(7) within a predetermined range. 



2. A device as claimeoiK^laim 1 , wherein said low- 
pressure pump is a motor-driven pump (11), char- 
acterized in that said means comprise an electron- 
ic control unit (31) for receiving signals indicating 

5 the operating conditions of the engine (2); said con- 

trol unit (31 ) controlling said motor-driven pump (1 1 ) 
as a function of said signals. 

3. A device as claimed in Claim 2, characterized in 
10 that said control unit (31) receives signals indicat- 
ing the fuel pressure upstream from said choke (41 ; 
42), and feedback-controls said motor-driven pump 
(11). 

15 4. A device as claimed in Claim 2 or 3, characterized 
in that said control unit (31 ) controls the supply cur- 
rent of said motor-driven pump (11) to directly vary 
the fuel pressure upstream from said choke (41 ; 
42). 

20 

5. A device as claimed in Claim 2 or 3, characterized 
in that said control unit (31 ) controls the supply volt- 
age of said motor-driven pump (1 1 ) to vary fuel flow 
to said choke (41 ; 42) and so vary the fuel pressure 

25 upstream from said choke (41 ; 42). 

6. A device as claimed in Claim 5, characterized in 
that said control unit (31 ) controls said motor-driven 
pump (1 1 ) between a predetermined maximum flow 

30 and a predetermined minimum flow by varying the 
pressure upstream from said choke (41; 42) be- 
tween said maximum value, when said flow is the 
predetermined maximum, and said minimum value, 
when said flow is the predetermined minimum. 

35 

7. A device as claimed in one of the foregoing Claims, 
characterized in that said choke (41 ; 42) is located 
upstream from said high-pressure pump (7) of in- 
side said high-pressure pump (7). 

40 

8. A device as claimed in Claim 7, wherein a delivery 
conduit (12) of said motor-driven pump (11) is locat- 
ed between said motor-driven pump (11) and said 
high-pressure pump (7); characterized in that said 

45 choke (41) is located on said delivery conduit (12). 

9. A device as claimed in Claim 7, wherein said high- 
pressure pump (7) has a number of pumping ele- 
ments (22, 23), and comprises a number of intake 

50 conduits (24) of said pumping elements (22, 23) 
communicating with a delivery conduit (12) of said 
motor-driven pump (11); characterized in that said 
choke (42) is located on each of said intake conduits 
(24). 

55 

10. A device as claimed in any one of Claims 6 to 9, 
characterized in that said minimum flow is equal 
to a fraction of said maximum flow. 
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11. A device as claimed in al^Pne of Claims 6 to 10, 
characterized in that said minimum flow is equal 
to half said maximum flow. 

12. A device as claimed in any one of Claims 6 to 11 , 5 
characterized in that said fuel flow in said delivery 
conduit (12) ranges between 80 and 40 liters/hour. 

13. A device as claimed in any one of Claims 6 to 12, 
characterized in that the variation in fuel flow in 10 
said delivery conduit (12) is substantially propor- 
tional to the variation in pressure upstream from 
said choke (41; 42). 

14. A device as claimed in Claim 12 or 13, character- *s 
ized in that said maximum pressure value up- 
stream from said choke (41 ; 42) is about 2.5 bars, 
and said minimum value of said pressure is about 

0.6 bar. 

20 

1 5. A device as claimed in one of Claims 1 2 to 1 4, char- 
acterized in that the diameter of said choke (41 ) is 
about 0.9 mm. 

25 
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